Overview: To describe a new endovascular procedure for acute type A aortic dissection (TAAD) repair. Methods: Between 2013 and 2016, 12 patients (average age 54±9.6 years; 10 men) with acute TAAD (mean EURO score 11.4%±3.2%, range 5-17) and unfit for surgery underwent thoracic endovascular aortic repair (TEVAR) with 2 periscope grafts to preserve blood supply to supra-aortic branches plus bypass grafting as needed. If the ascending aorta was dilated to >40 mm, sternotomy was performed to wrap the ascending aorta and reduce its diameter to accommodate the aortic stentgrafts. Results: All patients were successfully treated. Seven patients required bypass grafting, and most of the patients had periscope grafts to the innominate/right common carotid artery and left common carotid artery; only 3 patients had the left subclavian artery preserved. All patients exhibited good hemodynamics and normal pressures after the procedure. The mean procedure time and blood loss were 4.5±1.0 hours and 217±111.5 mL, respectively. Two patients treated emergently died shortly after surgery from multiorgan failure. The average follow-up duration was 17±14.5 months (range 2-42) in the 10 survivors. The remaining patients recovered and none experienced stent-graft thrombosis, stroke, or peripheral artery embolism during follow-up. Conclusion: A procedure that combines sandwich/periscope grafting with TEVAR, wrapping of the aorta, and supra-arch bypass grafting can be used to treat patients with acute TAAD.
Introduction
Despite continuous improvements in imaging techniques, medical therapy, and surgical management, the incidence of early death among patients undergoing acute type A aortic dissection (TAAD) repair is 17% to 31%. 1, 2 Many factors contribute to this high mortality, including a history of aortic valve replacement, migrating chest pain, hypotension and/or shock, cardiac tamponade, limb or internal organ ischemia, extracorporeal circulation duration, and chronic renal failure. Aortic dissection often causes severe damage to a patient's body, and conventional surgical procedures will necessitate more invasive postoperative procedures. Therefore, it is important to maintain good hemodynamics in patients who have had a myocardial infarction or stroke and are unfit for conventional surgical procedures. This report details a novel hybrid procedure for the treatment of acute TAAD using thoracic endovascular aortic repair (TEVAR) and a sandwich technique in a periscope configuration to supply selected supra-arch branches.
Methods

Patient Cohort
Between 2013 and 2016, 12 patients (average age 54±9.6 years; 10 men) with acute TAAD (mean EURO score 11.4±3.2, range 5-17) underwent TEVAR with periscope grafts to preserve blood supply of selected supra-aortic branches plus wrapping of the ascending aorta and bypass grafting as needed for complete revascularization.
All patients were unfit for conventional repair owing to risk factors (coronary artery disease, cancer, stroke) or complications (rupture, mesenteric ischemia, retrograde dissection after TEVAR for type B dissection, dissection extension to the supra-aortic branches). The diameter of the descending aorta seal zone ranged from 3.8 to 5.9 cm. The distance from the entry to the higher coronary artery was >2 cm in 9 patients and >1 cm in one; in 1 patient, the entry originated from a noncoronary sinus.
Hybrid Procedure
Patients were placed under general anesthesia in a hybrid operating room. If the ascending aorta was enlarged to >40 mm in diameter, it was wrapped to shrink its diameter to ~40 mm to accommodate the selected stent-graft diameter. For this, the ascending aorta was exposed from the valve sinus to the first arch branch via sternotomy. Two 7.6×15-cm square-mesh patches (Bard Mesh; Davol Inc, Woburn, MA, USA) were wrapped around the ascending aorta and sewn to the aortic wall with 3 to 4 sutures (Figures 1 and  2A) . Bypass grafts were implanted between the left common carotid artery (LCCA) and left subclavian artery (LSA) or between the right common carotid artery (RCCA) and LCCA depending on the configuration of the periscope grafts.
To begin the endovascular component, the sealing zone distal to the LSA was extended with an aortic stent-graft deployed in the descending aorta retrogradely over a Lunderquist wire via a left or right femoral artery access. The descending aortic stent-graft was placed with its proximal end close to the LCCA orifice (or the LSA if the vessel was to be preserved). Two stiff hydrophilic wires were advanced into the arch branches from the descending aorta via the contralateral femoral artery to introduce two 8-to 13-mm × 10-mm Viabahn stent-grafts (W.L. Gore and Associates, Flagstaff, AZ, USA). Correct positioning of the stent-grafts was confirmed by angiography, and the stents remained undeployed. A TAG stent-graft (W.L. Gore and Associates) was then advanced along the Lunderquist wire to the ascending aorta via the first femoral artery access. All positions were confirmed by angiography. The stents in the ascending aorta and supra-aortic branches were then deployed sequentially ( Figure 2B ,C and Video 1). To avoid tearing the intima during stent-graft delivery or deployment into the unhealthy ascending aorta, systolic pressure was maintained transiently at ≤80 mm Hg.
The follow-up protocol included computed tomography angiography (CTA) at 3, 6, and 12 months after the procedure and annually thereafter.
Results
All patients were successfully treated in TEVAR procedures that lasted <4 hours without aortic wrapping (n = 6) and <6 hours if wrapping was necessary (n=5; 1 planned but not done). Seven patients had bypass grafting (4 LCCA-LSA, 2 RCCA-LCCA, and 1 LSA-LCCA-RCCA), and most of the patients had periscope grafts to the innominate/RCCA and LCCA; only 3 patients had the LSA preserved. Pressure monitoring revealed no changes in any data or wave form after deployment of the stent-grafts. All patients exhibited good hemodynamics and normal pressures. The mean procedure time and blood loss were 4.5±1.0 hours and 217±111.5 mL, respectively (Table 1 ). Postoperative CTA documented that the stent-grafts were properly positioned ( Figure 3 ).
Two patients died shortly after surgery: one of acute heart failure and renal failure and the other from pancreatitis induced by celiac artery and superior mesenteric artery occlusion and necrosis of other internal organs.
The average follow-up duration was 17±14.5 months (range 2-42) in the 10 survivors. The remaining patients recovered and none experienced stent-graft thrombosis, stroke, or peripheral artery embolism during the follow-up period.
Discussion
TEVAR to treat aortic arch lesions can be performed using branched, 4 scalloped, 5 or fenestrated 6 stent-grafts, but the complexity of the devices and difficulty of repair in a dissected arch lumen make these techniques difficult to use for the treatment of type A dissection. 4 Arch TEVAR also commonly involves placement of an aortic stent-graft and parallel stent-grafts in a chimney and/or periscope configuration. These 2 techniques are designed to preserve blood supply to arch branches in a relatively normal zone: the former proximal to branch orifices and the latter distal. In the chimney technique, the orifice of the stent-grafts and the gutters between them and the aortic stent-graft directly face the blood flow. Thus, the high-speed aortic flow could lead to a type I endoleak. In contrast, in the periscope technique, [7] [8] [9] [10] [11] [12] [13] the reconstruction of the supra-arch branches is located in the aortic stent-graft, with the periscope grafts perfused in a retrograde manner, thus avoiding the rush of blood toward the gutters. Therefore, blood in either the stent-grafts or the gutters is driven only by the pressure difference, and the blood in the gutters could easily form clots when the blood remains static at a balanced pressure between the true and false lumens. Moreover, performance of the periscope TEVAR procedure via bilateral femoral paths, rather than the carotid artery or upper limb, was sufficient to avoid extra risk to the brain.
For type A dissection, the aorta proximal to the branches is not normal, and an ancillary procedure may be needed to reduce the diameter of the ascending aorta to better conform to the aortic stent-graft. Wrapping of the ascending aorta in TAAD treatment is not commonly used, 3 but the concept of reinforcing the landing zone for an aortic stent-graft is sound. In general, the aortic wall of the ascending aorta will maintain its mechanical characteristics when the post-dissection diameter is ≤40 mm. A good outcome could not be expected if a stent-graft were placed in a dilated or dissected ascending aorta. In addition, it is difficult to find a stent-graft to cover the proximal entry of a dissection in an enlarged ascending aorta because the maximum diameter of commercial stentgrafts is ~45 mm.
A mesh material was used for wrapping rather than an aortic graft patch to preserve the structure of the aortic wall and prevent ischemic atrophy. Clots in the false lumen may block the interior blood supply of the aortic wall. Degeneration of the wrapped segment fibers might cause the aortic dilatation to worsen. Pores on the mesh patch allow tissues to grow bilaterally to better retain aortic wall structure and preserve the blood supply for aortic adventitia.
In our opinion, the application of wrapping differs little between an aneurysm and an aortic dissection except that the diameter of the latter is being reduced to conform to the size of an aortic stent-graft. The amount of shrinkage needed, for example, if a 45-to 40-mm-diameter stent-graft were selected for the proximal stent would be an external aortic diameter of 40 mm. Overshrinking is not recommended in order to preserve the mechanical property of the aortic wall as much as possible and prevent migration of mesh or retrograde retearing.
The choice of bypass procedure depends on the pattern of stent-grafting in the arch branches. However, the decision as to which supra-arch branches should be preserved with the periscope technique can be handled flexibly. Figure 4 shows that these decisions depend on factors such as the dissection pattern, vessel size, and vertebral artery dominance. To ensure blood supply to the supra-arch branches, 2 parallel grafts were preferred. Using only 1 parallel graft was considered only when 2 or 3 branches had been destroyed or seriously obstructed by dissection. In that situation, the relatively normal branch was preserved. In our group, only 1 patient received a single periscope graft for the LSA because the innominate artery and LCCA were occluded segmentally by torn intima. In this case, a 13-mm-diameter Viabahn stentgraft was selected for retrograde perfusion and a 10-mm expanded polytetrafluoroethylene graft was employed as the bypass graft. We suggest using a flexible stent-graft when meeting a sharp angle. The Viabahn stent-graft is preferred for parallel grafts owing to its flexibility and sufficient radial force to hinder kinking or crushing. Once in our experience a kinking Fluency stent-graft (Bard Peripheral Vascular, Tempe, AZ, USA) was relined with a balloon-expandable stent as a periscope in the LCCA to treat aortic arch aneurysm. 12 Stent-grafts used in the ascending aorta should be soft and pliable. A stent-graft without a bare stent at the proximal end is best; otherwise, the bare stent should be as short as possible. An overly long bare stent might harm the ascending aortic wall and valve. We chose the TAG stentgraft based on its covered stent design. A distal aortic stentgraft without a bare stent at the proximal end is also suggested to make deployment of periscopes easier.
The diameter of the distal aortic stent-graft should exceed 31 mm, and a 34-to 37-mm stent-graft was usually used to ensure sufficient space for 3 proximal stent grafts in patients with thrombosis of the false lumen. Therefore, if the distal aortic stent-graft is pliable, the proximal aortic stent-graft should measure 37 to 45 mm in diameter (oversized ~20% to 40%) as determined by the ascending aortic diameter and the diameter difference between the ascending aorta and distal arch.
The true lumen of the dissected aorta was sometimes compressed into a thin line by the false lumen. Rapid pacing should be considered when the distal aortic stent-graft requires balloon dilation. Increased pressure in the proximal aorta due to transient blood flow blockade by the balloon may lead to further disssection of the aortic wall. We propose that no more than 2 periscope grafts should be used to ensure sufficient overlapping of the grafts without excessive compression. Approximately 20% to 40% oversizing between the proximal aorta graft and the distal graft could ensure that the proximal graft retains enough lumen to avoid stenosis. A preoperative bench simulation ( Figure  3A ) based on 3-dimensional CTA would be helpful. 12 The periscope graft should be deployed more distally than the aortic stent-graft to ensure that the former will not be covered by the latter. One concern is that the periscope graft might be displaced by aortic blood flow; therefore, the aortic stent-graft is deployed first and stent-grafts in the branches second, regardless of whether the smaller stent-grafts cross or are parallel ( Figure 5 ). Of course, a key point is navigating the guidewire and catheter in the true lumen. An angiogram should be performed before periscope graft deployment to ensure proper guidewire placement, and the graft diameter should be equal to or less than the external diameter of the target vessel.
Because the stent-graft used in the ascending aorta usually requires a 24-F sheath, dissection of the abdominal aortic bifurcation should be monitored. If sheath movement causes stripping of the dissected vessel wall, the resultant bleeding is difficult to stop quickly with a surgical or endovascular procedure.
Because the septum is too rigid to be shored up by a stent-graft, we consider it inappropriate to perform this procedure for chronic dissection with a thin true lumen unless the distal stent-graft can be dilated with a balloon or stent. Though we have not yet experienced this situation, we strongly suggest a transient very low blood pressure (eg, systolic <60 mm Hg) or rapid pacing during rapid balloon dilation.
Retrograde type A dissection is among the main complications after TEVAR for type B dissection.
14 Our procedure could deal with this situation simply. The original stent-graft could act as the proximal aortic stent-graft or close the entry in the distal arch. The ascending aorta could be used safely as the proximal landing site. Blood supply to the supra-aortic branches could be performed in a retrograde manner.
Among the contraindications to the use of periscope TEVAR for acute TAAD are aortic valve erosion, dissection entry at the sinus of Valsalva, occlusion of the coronary artery orifice, difficulty in artery access, allergy to contrast agents, and endocarditis.
Conclusion
A combination of sandwich/periscope grafting with TEVAR, wrapping of the ascending aorta, and supra-aortic bypass grafting can be used to treat patients with acute TAAD. 
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